related to neothramycin,2) were isolated from the culture broth of this strain. Taxonomyand fermentation of the producing strain, and biological activity of RK-1441A and B are described in this paper. Physico-chemical properties and the structure are described in the accompanying paper.3)
Materials and Methods i)
Bacterialstrains andbacteriophages. Bacteriophage B was amplified by infection in Streptomyces griseus IAM 0123 at 28°C in NBY medium (Eiken nutrient broth supplemented with 0.2% yeast extract). Bacteriophage T4 was given us by Dr. K. Yoda (The University ofTokyo). Escherichia coli BE11864) is a hypersensitive mutant to antitumor antibiotics.
Taxonomy. Taxonomic studies of strain RK-1441 were done by the methods and media recommended by the Cytotoxicity assay. The human leukemia cell lines K-562 and HL-60 were used for the measurement of cytotoxicity of the antibiotics.
The cells (1 x 105cells/ml) were seeded on 96-multiwell plates and incubated with various concentrations of the antibiotics.
After a 17-hr incubation at 37°C in a CO2 incubator, MTT (dimethylthiazoyl diphenyltetrazolium bromide) solution was added to the cell culture. Cytotoxicity of the inhibitors was measured by the formation of insoluble pigment caused by the hydrolysis of MTT .8) Restriction enzyme assay. Bacteriophage lambda DNA and the restriction enzymes used in the study were purchased from Takara Shuzo Co., Ltd. Buffers and reaction conditions for the enzymes followed the conditions recommended by the supplier. The enzyme amount was 10 units, and 1.0/ig ofDNAwas used for an assay.
Results and Discussion

Antibacteriophage activity
The conventional paper disk-agar plate method was modified for the assay of antibacteriophage antibiotics. Bacteriophage B is a virulent phage, therefore, the lawn of the phage-infected S. griseus was almost lysed after a 48-hr incubation ( Fig. la ). Whenthe tested sample had antiphage activity, a survival zone of S. griseus was observed around the paper disk ( Fig. lb) . Arima et al. reported that an assay system using E. coli and its bacteriophages Tx and T3 was useful for detecting antibacteriophage antibiotics.9) However, it was more difficult to observe the survival zone of E. coli than that of S. griseus. S. griseus made a clear white survival zone which was derived from spores if the paper disk contained the antiphage antibiotic.
Antibacteriophage activity of purified RK-1441A and B was compared with neothramycin, which is a compound structurally related to RK-1441A and B. As shown in Table Paper disk 1 contained the purified RK-1441A (100/ig/disk).
Paper disk 2 contained the purified RK-1441B (100 /ig/disk). and the ornamentation of the spore surface was smooth (Fig. 2 ).
The whole cell sugar composition of strain RK-1441 was found to be galactose, glucose, and ribose, which is a Type NC7) sugar pattern. Detection of LL-diaminopimelic acid and glycine in the whole-cell hydrolysate of the culture indicated that the strain had Type I cell walls.10)
Based on these chemotaxonomicand general characteristics, the strain is considered to belong to the genus Streptomyces.11] The species of the strain was not identified.
Fermentation
Production titer of the antibiotics was influenced by the seeded density of strain RK- 1441 for the fermentation. When over 2% of the full grown seed culture was inoculated into the fresh fermentation medium, the production titer was very low. When the inoculum volume was restricted to 1%, good production titer was observed. Inhibition activity of the fermentation broth reached the maximum in a 92-hr culture.
Antimicrobial activities of RK-1441A and B Antimicrobial activity of the antibiotics was tested by the agar dilution method (Table III) . RK-1441Awas weakly active against E. coli BE 1186, which is a mutant strain hypersensitive to antitumor antibiotics.4)
RK-1441B did not show antibacterial or antifungal activity.
MTTassay for the cytotoxicity
Cytotoxicity of RK-1441A, B, and neothramycin against human leukemia cell lines, K-562 and HL-60 was measured by the MTT assay (Fig. 3) . In the assay, an arbitrary unit for the degree of cell proliferation was used; whenthe cells were grown without antibiotics, the MTTunit was 9 and when the cell was treated with 10% acetone, the MTTunit was 0. As shown in Fig. 3 , RK-1441A showed comparable cytotoxicity to neothramycin against both cell lines. However, the cytotoxicity of RK-1441Bwas dependent on the target cells; the antibiotic was toxic to HL-60 cells but not K-562 cells. with DNA in vitro, the restriction enzymes which need guanine in the recognition site on the DNA strands could not digest the DNA (Fig. 4 ; lane [3] [4] [5] [6] [7] [8] . The antibiotics inhibited the activity of the restriction enzyme which gave staggered ends of DNA (BarnHI, Pstl, EcoKl, and Hindlll) more strongly than the one that give blunt ends (Smal). On the other hand, RK-1441B had no inhibitory effect against any restriction enzyme tested ( Fig. 4 ; lane 9-ll).
There was no influence of these inhibitors against the restriction enzyme, Sspl, the recognition site of which does not involve guanine. These data suggested that RK-1441B is inactive in vitro but the antibiotic is converted to the active form in the host cells, then binds to guanine residues of DNAand inhibits the replication of phage DNA. The mechanism of action of pyrrolo [l,4] benzodiazepine group antibiotics at the molecular level was reported.12~14) According to replaced by a methoxy group in the case of RK-1441A (Fig. 5) . Therefore, C-ll carbinolamine maybe the reaction site in this case. Cll ofRK-144IB is oxo-type, which is thought to be inactive as in the case of oxotomaymycin,13) but RK-1441B would be reduced to the active carbinolamine form in host cells as described above.
